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History of nanotechnology:

• It’s rather difficult to describe the history of nanotechnology, is due to two
principal reasons: 1) ambiguity of the term “nanotechnology” and 2)
uncertainty of the time span corresponding to the early stages of
nanotechnology development.

• Nanotechnology covers various types of physical, chemical and biological
processes realized on nano level. Besides, nanotechnologies at the current
stage of development are being constantly updated and improved, which
explains why many concepts about principles of their implementation are
not completely clear.

2

Dept of Applied Chemistry - UMZ

Nanotechnology is science, engineering, and technology conducted at the nano

scale, which is about 1 to 100 nanometers.
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Nanomaterials can be understood as the materials, which are characterized

at least in one of three dimensions by nanometer scale concerning both the

sample of a material as a whole and its structural elements.



Nanochemistry:

Utilization of synthetic chemistry to make nanoscale building blocks of

different: Size and shape, Composition, Surface structure, Charge,

Functionality. Also it deals with the reactions of nanoparticles and their

compounds.
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Morphology or dimensions:
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0-Dimensional 1-Dimensional

2-Dimensional
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Hierarchical nanostructures
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Nanoparticles:

Nanoparticles are the simplest form of structures with sizes in the nm range.

In principle any collection of atoms bonded together with a structural radius

of < 100 nm can be considered a nanoparticle.

These can include, e.g., fullerens, metal clusters (agglomerates of metal

atoms), large molecules, such as proteins, and even hydrogen-bonded

assemblies of water molecules, which exist in water at ambient temperatures.

16

Dept of Applied Chemistry - UMZ



17

Dept of Applied Chemistry - UMZ



Cluster chemistry:

A finite group of atoms (metal) that are held together mainly, by bonds

directly between metal atoms, even though some non-metal atoms may also

be intimately associated with the cluster.

A nanocluster is a nanometer sized particle made up of equal subunits.

These subunits can be atoms of a single element, molecules or even

combinations of atoms of several elements in subunits with equal

stoichiometries (alloys, etc.)
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Increased cluster model size

D ~ 0.5 nm
(13 atoms)

D ~ 1.5 nm
(55 atoms)

D ~ 0.9 nm
(38 atoms)

D ~ 2.0 nm
(309 atoms)



Metal nanoclusters are ultra-small (<2 nm) nanoparticles or nano molecules,

typically composed of few tens to hundreds of metal atoms protected by

ligand molecules such as thiols, phosphines, amines, selenates, etc.

Nanoclusters generally denoted as Mn(L)m (where n and m represent the

number of metal atoms and capping ligands respectively).
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Sodium clusters with 2, 8, 20, 40, 58, and 92 sodium atoms exhibited relatively
larger peaks in the mass spectra than other cluster sizes, and an abrupt decrease
in intensity followed.

Mass spectra obtained by Knight and co-workers (1983-85), for alkali metal
clusters, showed a number of peaks with high relative intensities  Magic
Numbers.
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Ionization potential: It is the
energy that is necessary to
remove the outer electron from
the atom.
Maximum ionization potential
occurs for the rare gases, because
their outer orbital is
completely filled.

Peaks are observed at clusters having
two and eight atoms.

These numbers are referred as
electronic magic number.

STRUCTURAL MAGIC NUMBER:
For larger clusters the stability is determined by structure
and magic number is called as Structural Magic Number.
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JELLIUM MODEL:

 It envisions cluster as a large atom.

 Positive nuclear charge of each Cluster
is assume to be uniformly distributed
over a sphere the size of the cluster.

 Interaction of electron with positive
sphere is described as a spherically
symmetric potential well.

 Energy levels can be obtained by
solving Schrodinger equation.
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FCC

Cu, Au, Ag, Al
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Coordination Number (CN)= 4+4+4= 12

CN is similar for all atoms

Coordination Number (CN) is the number of nearest neighbors 
that each atom has.
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Atomic packing factor (AFP)

AFP = Volume of atoms / Volume of unite cell
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BCC

Cr, W, Mo
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BCC

Cr, W, Mo
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CN= 4+4=8
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